Abstract. An angular analysis of the B 0 → K * 0 µ + µ − decay is performed in pp collisions at √ s = 7 TeV, with a data sample corresponding to an integrated luminosity of 5.2 fb −1 collected by the CMS experiment at the LHC. The forward-backward asymmetry of the muons A FB , the K * 0 longitudinal polarization fraction F L , and the differential branching fraction dB/dq 2 , are measured as function of the dimuon invariant mass squared, q 2 . The results are in good agreement with the standard model expectations.
Introduction
Physics phenomena beyond the standard model (SM) of particle physics may be inferred through their influence on rare processes such as flavor-changing neutral current decays of b hadrons. The semileptonic B 0 → K * 0 µ + µ − decay (charge conjugate states are always implied unless explicitly stated) it's forbidden at tree level in the SM, resulting in small expected rates. Robust theoretical calculations are available for much of the phase space of this decay indicating that new physics could give rise to observable effects. observables related to the B 0 → K * 0 µ + µ − decay are the forward-backward asymmetry of the muons, A FB , and the longitudinal polarization fraction of the K * 0 (892), F L . These can be measured as a function of the q 2 of the decay (dimuon invariant mass squared) and compared to the SM predictions [1] [2] [3] . While previous measurements by the BaBar, Belle, CDF, and LHCb experiments are consistent with the SM predictions [4] [5] [6] [7] 
Event selection
The signal (B 0 → K * 0 µ + µ − ) and normalization/control samples (B 0 → K * 0 J/ψ and B 0 → K * 0 ψ ) were recorded with the same trigger, requiring two identified muons coming from a common vertex displaced from the primary vertex (PV) of the pp collision. The offline muons selection requires two opposite charged muons, matched with the ones that caused the trigger, with pseudorapidity |η(µ)| < 2.2 and dimuon transverse momentum of p T (µµ) > 6.9 GeV. The K * 0 candidates are reconstructed through the decay into 50 MeV from the nominal K * 0 mass no clear identification is possible, and the event is therefore rejected. Depending on the dimuon invariant mass m µµ and its calculated uncertainty σ(m µµ ), the retained events are associated to the normalization or control samples if m µµ is close to the J/ψ or ψ mass, respectively. The selection requirements are optimized to maximize the S / √ S + B ratio, where S is the expected signal from simulations, and B is the background estimated from data sidebands. The optimization is performed on the q 2 regions far from the J/ψ and ψ peaks. The reconstruction and selection efficiencies, as well as the acceptance, are obtained from Monte Carlo (MC) simulations.
Analysis
The analysis is designed to measure the forward-backward asymmetry of the muons, A FB , the K * 0 longitudinal polarization fraction, F L , and the differential branching fraction, dB/dq 2 , of the decay B 0 → K * 0 µ + µ − as function of the dimuon invariant mass squared. The properties of the B 0 → K * 0 µ + µ − decay can be fully described by three angles: (i) the angle between the kaon momentum and the direction opposite to the B 0 in the K * 0 rest frame, θ K ; (ii) the angle between the positive muon momentum and the direction opposite to the B 0 in the dimuon reference frame, θ L ; (iii) the relative angle between the dimuon plane and the K + π − plane, φ, which is always integrated out in this analysis. Fig. 2 shows the definition of the relevant angles, while Eq. 1 describes the dependence of the B 0 → K * 0 µ + µ − decay rate from the q 2 and the θ K ,θ L angular observables.
Although the K + π − invariant mass must be consistent with a K * 0 , there can be contributions from a spinless (S-wave) K + π − combination. The S-wave fraction is described in Eq. 1 by the term F S , while the interference between the S-wave and P-wave decays is described by A S . The results of this analysis are extracted for each q 2 bin from unbinned maximum likelihood fits to three variables: cos θ K , cos θ L , and the 
Where Y S (Y N ) and S ( N ) are the yield and the total efficiency of the signal (normalization) channel respectively, and B B 0 → K * 0 J/ψ is the world average branching fraction for the normalization channel [9] . The yields are obtained by the fit to the K + π − µ + µ − invariant mass distributions, while the the efficiencies are obtained by integrating over the angular variables using the results from the previous fits. There are two contributions for the background: the peaking background, due to the remaining B 0 → K * 0 J/ψ and B 0 → K * 0 ψ events not removed by the dimuon invariant mass cuts, and the combinatorial background, due to the unavoidable fraction of mis-reconstructed B 0 from randomly associated muons to hadrons. In the peaking background events the dimuon mass is reconstructed far from the true J/ψ (ψ ) mass, resulting in a K + π − µ + µ − invariant mass shifted from the true B 0 mass. The shape of this background is obtained from simulation, while the yield obtained in the simulation is normalized comparing the reconstructed B 0 → K * 0 J/ψ (B 0 → K * 0 ψ ) yields in data and simulation.
Results
The first fit to data is performed on the normalization sample B 0 → K * 0 J/ψ, obtaining a yield of 47000 signal events, as shown in Fig. 3 . The results are used to validate the fit and to estimate the F S and A S contributions to be used in the signal q 2 bins. The Swave fraction is measured to be F S = 0.01 ± 0.01(stat.),
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and the scalar-vector interference term is determined to be A S = −0.10 ± 0.01(stat.). Along with F S and A S , it is measured the longitudinal K * 0 (892) polarization fraction F L = 0.554 ± 0.004(stat.), and the dimuon forwardbackward asymmetry A FB = −0.004 ± 0.004(stat.) in the normalization sample. The F L and A FB results are found to be compatible with the expected world average values, and consistent with the hypothesis of no asymmetry [10] . The fits are also performed in the B 0 → K * 0 ψ q 2 region, where 3200 signal events yielded results of F L = 0.509 ± 0.016(stat.), which is consistent with the world average value, and A FB = 0.013 ± 0.014(stat.), compatible with no asymmetry, as expected [10] . Six signal q 2 regions are studied in the range from 1 to 19 GeV 2 , with the exclusion of the B 0 → K * 0 J/ψ and B 0 → K * 0 ψ bins. Clear signals are seen in each bin, with yields from 23 ± 6 to 103 ± 12 events. From the fit, the K * 0 (892) longitudinal polarization fraction, F L , and the muon forwardbackward asymmetry, A FB , are obtained for each q 2 bin. Fig. 4 shows the comparison between these results and the SM predictions [10] . Using the yields for the signal and 
Summary
The CMS experiment carried out an angular analysis of the B 0 → K * 0 µ + µ − decay using data recorded during 2011 corresponding to an integrated luminosity of 5.2 fb −1 . Unbinned maximum likelihood fits were performed in bins of dimuon invariant mass squared (q 2 ) to obtain the values of the K * 0 (892) longitudinal polarization fraction, F L , and the forward-backward muon asymmetry, A FB . Using these results, unbinned maximum likelihood fits to the K + π − µ + µ − invariant mass in q 2 bins are used to extract the differential branching fraction dB/dq 2 . No deviations from the standard model predictions are found.
